



学校编码：10384                          分类号        密级         
学号：24520091152971                                               
UDC        
 
 
 硕  士  学  位  论  文 
                                           
环磷酸腺苷（cAMP）对脊髓损伤后神经纤
维脱髓鞘的影响 
The Influence of cAMP on Demyelination of Nerve Fiber 
after Spinal Cord Injury 
李大坤 
指导教师姓名：林斌教授         
专  业 名 称：外科学 
论文提交日期：2012 年 5 月 
论文答辩时间：2012 年 5 月 
学位授予日期：2012 年  月 
  
答辩委员会主席：           
评    阅    人：           






















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：             
























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 






声明人（签名）：             





















  1 试剂与药品 …………………………………………………………………3 
  2 实验仪器 ……………………………………………………………………3 
实验方法 ……………………………………………………………3 
  1 实验动物……………………………………………………………………3 
  2 实验动物分组………………………………………………………………4 
  3 动物模型的建立……………………………………………………………4 
  4 给药方法及术后护理………………………………………………………5 
观察指标 ……………………………………………………………5 
  1 一般观察……………………………………………………………………5 
  2 行为学观察…………………………………………………………………5 
  3 组织学观察  ………………………………………………………………7 
3.1 标本采集及固定…………………………………………………………7 
3.2  Marchi 锇酸染色及计数脱髓鞘神经纤维数目………………………7 
  4 大鼠血清髓鞘碱性蛋白（MBP）含量的检测 ……………………………8 
统计学处理………………………………………………………………9 
结果……………………………………………………………………9 
  1 大鼠术后一般情况观察 ………………………………………………………9 
  2 BBB 运动行为学评分 …………………………………………………………9 
  3 血清中髓鞘碱性蛋白（MBP）含量的比较………………………………………11 
  4 神经纤维脱髓鞘数目的比较 …………………………………………………13 



















2 中枢神经系统中神经轴突髓鞘功能完整性的重要意义 ……………………18 
3 环磷酸腺苷（cAMP）及 cAMP-PKA 信号途径  ……………………………………19 
4 少突胶质细胞与髓鞘…………………………………………………………19 
5 少突胶质细胞早期死亡的机制  ………………………………………………21 
6 脊髓损伤后神经纤维脱髓鞘的治疗……………………………………………21 




































Table of content 
Abstract in Chinese………...……………………………………….…Ⅰ 
Abstract in English………...…………………………………………..Ⅲ 
Perface………….………………………………………………………..1 
Reagents and Instrument……..……………………………………….. 3 
  1 Reagents and Drugs……………………………………………………………3 
   2 Instruments……………………………………………………………….…….3 
Method…………………………………………………………………...3 
1 Experimental animals………………………………………………………….3 
2 Groups…………………………………………………………………………..4 
3 Establishment of medol………………………….……………………………..4 
4 Administration methods and postoperative nursing………...……………….5 
Observation indexes……………...……………………………………..5 
1 General observation……………………...……………...……………………..5 
2 Observation of behavior……………………………………………………….5 
3 Histological observation………………………………………..………………7 
3.1 Collection and Fixation of Speciment………………………………………7 
3.2 Staining of Marchi…………………………………………………………..7 
4 Detection the content of MBP in blood serum…...…...………………………8 
Statistical treatment…………………………………………………….9 
Results……………………………………………………………………9 
1 Postoperative general condition………………………………….……………9 
2 Score of BBB……………………………………………………………………9 
3 Content of MBP in blood serum………………...……………………………11 
4 Number of demylination………...…………………………………...…...…..13 
5 Pearson′s correlation of number of demylination Compare with the Score 

















1 Model preparation and evaluation…………………………………………17 
2 Considerable significance of the integrity of myelin sheath in central 
nervous system…………………………………….………….………………18 
3 CAMP and Singal pathway of cAMP-PKA……..………….……………….19 
4 Oligodendrocyte and myelin sheath…………...………………….…………19 
5 Obituary mechanism of oligodendrocyte in early time……………..………21 
6 Treament of demylination after spinal cord injury……………….………...21 
7 Blood-spinal cord barrier and method of input………………..…...………23 
8 The factors affected the function of spinal cord………………….…………25 
9 Pearson′s correlation of content of MBP in blood serum Compare with the       
number of demylination…………………………………………..…………26  
10 Demylination after spinal cord injury compare with multiple sclerosis…26  






























方法：选取雌性 SD 大鼠 150 只，随机分为 A、B、C、D 组，其中 A 组及 B
组各 25 只，C 组及 D 组每组各 50 只。各组均行胸 12 椎体后路椎板切除开窗术，
A 组不打击脊髓，B 组，C 组及 D 组术后应用改良的 Allen′s 法打击脊髓，制造
大鼠急性脊髓损伤模型。B 组大鼠不行任何治疗，C 组与 D 组分别使用环磷酸腺
苷（cAMP）和生理盐水在脊髓损伤区持续给药。术前 1 天及术后 1 天、4 天、7
天、14 天、28 天对每组大鼠行 BBB 运动行为学评分。取大鼠血清，行髓鞘碱性
蛋白（MBP）酶联免疫分析，检测血清中髓鞘碱性蛋白（MBP）含量。取大鼠脊髓
标本行 Marchi 锇酸染色，观察 5 个高倍镜视野内脱髓鞘神经纤维数目的平均值。
将所有的数据收集整理后用 SPSS16.0 软件进行分析。 
结果:1、脊髓损伤后 1d，4d，B 组，C 组及 D 组 BBB 评分无明显差异(P> 0.05)，
伤后第 7d，14d，28d，C 组较 B 组及 D 组 BBB 评分增加，差异有统计学意义(P< 
0.05)，B 组较 D 组在各个时间点 BBB 评分无统计学意义(P> 0.05)。2、脊髓损
伤后血清中髓鞘碱性蛋白(MBP))含量变化呈现出一定规律。脊髓损伤后 1 天, B
组，C 组及 D 组血清中髓鞘碱性蛋白含量比较无明显差异(P> 0.05)，伤后第 4
天，7 天，14 天，28 天，C 组较 B 组及 D 组血清中髓鞘碱性蛋白含量下降，差异
有统计学意义(P< 0.05)，B 组较 D 组在各个时间点血清中髓鞘碱性蛋白含量无
统计学意义(P> 0.05)。3、脊髓标本行 Marchi 锇酸染色，结果示：脊髓损伤后
神经纤维脱髓鞘数目与血清中髓鞘碱性蛋白含量呈现大致相同的变化趋势。B
组，C 组及 D 组在各个时间点与 A 组比较术后脊髓损伤区周围神经纤维脱髓鞘数
目明显增加，差异有统计学意义(P< 0.05)；脊髓损伤后 1 天，4 天， B 组，C
组及 D 组神经纤维脱髓鞘数目比较无明显差异(P> 0.05)，伤后第 7 天，14 天，































































Objective：To study the influence of cAMP on demyelination after spinal cord 
injury. Reveal the tendency and relationship between level of demylination and 
content of MBP in blood serum. Explore the relationship between the function of 
spinal cord and demyelination of nerve fiber. To provide a new ideal for treatment of 
SCI, also provide a new theoretical basis for clinical.  
Method：150 female SD rats were selected and divided into A，B，C，D groups 
randomly. Among them A and B group include 25 rats each, C and D group include 50 
rats each, those rats were surgically removed the vertebral lamina of T 12 segment to 
expose spinal cord. In A group, spinal cords were untouched; But in B , C , D groups 
spinal cords were hit according to improved Allen′s method to establish models. The 
rats of B group were given no treatment. C group and D group were inputted cAMP 
and normal saline continuously in the lesion site of spinal cord. BBB score was taken 
in four groups 1d before operation and 1d, 4d, 7d, 14d, 28d after operation. 
Centrifugated the blood to detected content of MBP by the method of enzyme linked 
immunosorbent assay (ELISA).Spinal cord Speciments were obtained by Marchi 
method, observed mean value of demyelinated nerve fiber in 5 high power lens. The 
data was analyzed by SPSS 16.0 statistical software. 
  Result: 1. After spinal cord injury B, C and D groups were statistically difference 
in 1st d, 4th d, 7th d, 14th d and 28th d compared with A group (P< 0.05)in aspect of 
BBB score, there was no statistically difference in 1st d and 4th d among B, C and D 
groups (P> 0.05), B and D groups were statistically difference compare with C group 
in 7th d, 14th d and 28th d (P< 0.05). There was no statistically difference between B 
and D group in all time points. 2. The content of MBP in blood serum changed in 
some regular pattern after spinal cord injury. B, C and D groups were statistically 
difference in 1st d, 4th d, 7th d, 14th d and 28th d compared with A group (P< 0.05). 

















and D groups were statistically difference compare with C group in 4th d,7th d, 14th d 
and 28th d (P< 0.05). B group was no statistically difference compare with D group in 
all time points (P> 0.05). 3. Followed by staining of Marchi the level of 
demyelination followed the similar trend of MBP changed in blood serum. B, C and D 
groups were statistically difference in 1st d, 4th d, 7th d, 14th d and 28th d compared 
with A group (P< 0.05). While B, C and D group were no statistically difference in 1st 
d and 4th d (P> 0.05). B and D groups were statistically difference compare with C 
group in 7d, 14d and 28d (P< 0.05). B groups was no statistically difference compare 
with D group (P> 0.05). 4. We can see from Pearson′s correlation between number of 
demyelination Compare with the Score of BBB and the content of MBP in blood 
serum. Showed that number of demyelination kept a negative correlation with 
function of spinal cord (r = -0.913) , but it kept a positive correlation with content of 
MBP in blood serum (r = 0.878 ). 
  Conclusion: It showed that there was some regular pattern both of MBP in blood 
serum and level of demylination changed, the more number of demyelination the 
higher content of MBP in blood serum and worse the function of spinal cord after 
spinal cord injury. cAMP can alleviate the number of demyelination and reduce 
content of MBP in blood serum, it can promote the function of spinal cord. 
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1 试剂及药品 
  乙醚                                  四川西陇化工有限公司生产） 
  注射用青霉素钠粉针剂                  哈药制药总厂（批号A080703111） 
  0.9%氯化钠注射液                      中国人民解放军第175医院制药厂 
  4%多聚甲醛磷酸缓冲液                  中国人民解放军第175医院制药厂 
  双丁酰环磷酸腺苷（db-cAMP）           美国  SIGMA公司 
  大鼠髓鞘碱性蛋白（MBP） 
酶联免疫分析试剂盒                    CUSABIO公司 
  MICRO-OSMOTIC PUMP（渗透压微泵）      美国 ALZET公司 
 Osmic acid solution 2% ( 2% 锇酸溶液 )德国 MERCK公司 
TBS缓冲液                             福州迈新生物科技有限公司 
2 实验仪器 
 动物实验台                            厦门大博颖精医疗器械公司 
常规外科手术器械                      上海金钟医疗器械公司 
  纤维外科器械                          广州鹏达医疗器械公司 
 改良的Allen′s脊髓冲击损伤装置        解放军第175医院 
 病理组织包埋机                        常州市中威电子仪器有限公司 
 病理组织漂烘仪                        常州市中威电子仪器有限公司 
切片机                                德国莱卡仪器股份有限公司 
  脱水机                                德国莱卡仪器股份有限公司 
  隔水式电热恒温箱                      上海跃进医疗器械厂 
  恒温恒湿箱                            上海精宏有限公司（HWS-400） 
  显微镜                                OLYMPUS BX41 
实验方法 
1 实验动物 
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